The aim of this work was to evaluate the influence of run training on the responsiveness of corpus cavernosum (CC) from rats made hypertensive by treatment with nitric oxide (NO) synthesis inhibitor. Wistar rats were divided into sedentary control (C-SD), exercise training (C-TR), N x -nitro-L-arginine methyl ester (L-NAME) sedentary (LN-SD) and L-NAME trained (LN-TR) groups. The run training program consisted in 8 weeks in a treadmill, 5 days/week, each session lasted 60 min. L-NAME treatment (2 and 10 mg/rat/day) started after 4 weeks of prior physical conditioning and lasted 4 weeks. Concentration-response curves were obtained for acetylcholine (ACh), sodium nitroprusside (SNP), sildenafil and BAY 41-2272. The effect of electrical field stimulation (EFS) on the relaxations responses of CC was evaluated. Run training prevented the arterial hypertension induced by L-NAME treatment (LN-SD: 13572 and 14172 mm Hg for both doses of L-NAME) compared to LN-SD groups (15471 and 17572 mm Hg, for 2 and 10 mg of L-NAME, respectively). Run training produced an increase in the maximal responses (E max ) of CC for ACh (C-SD: 4773; C-TR: 5271; and LN-TR: 5373%) and SNP (C-SD: 8971; C-TR: 9871; and LN-TR: 9571%). Both potency and E max for ACh were reduced in a dose of 10 mg of L-NAME, and run training restored the reduction of E max for ACh. No changes were found for BAY 41-2271 and sildenafil. Relaxing responses to EFS was reduced by L-NAME treatment that was restored by prior physical conditioning. In conclusion, our study shows a beneficial effect of prior physical conditioning on the impaired CC relaxing responses in rats made hypertensive by chronic NO blockade.
Introduction
It has been consistently shown a strong association between the benefits of physical exercise on the cardiovascular disease and an improvement of the endothelium-derived relaxing factor production. [1] [2] [3] [4] [5] [6] Specifically, a number of studies have demonstrated that arterial hypertension can be reduced or prevented by regular physical exercise either in humans or laboratory animals. The beneficial effect of physical exercise on arterial hypertension is mainly related to shear stress that is a potent stimulus to produce nitric oxide (NO) leading to vasodilatation. [3] [4] [5] [6] 7 Epidemiological studies have shown a strong association between erectile dysfunction and arterial hypertension. 8, 9 However, the underlying mechanisms by which arterial hypertension is associated with erectile dysfunction are not clear. It is known that erectile function is highly dependent of NO, 10 and both nitrergic fibers and vascular endothelial cells supply corpus cavernosum with NO. [11] [12] [13] Deficiency of NO has been suggested to be the main cause of erectile dysfunction in arterial hypertension. 14 Previous findings from our laboratory showed that physical exercise improves relaxing response of corpus cavernosum from normotensive rats, 15 but no studies exist investigating the influence of physical exercise on the corpus cavernosum relaxing response under experimental arterial hypertension. Therefore, the aim of this work was to study the influence of run training on the functional response of corpus cavernosum from rats made hypertensive by long-term treatment with the NO synthesis inhibitor N o -nitro-L-arginine methyl ester (L-NAME).
Materials and methods

Animals
This study was approved by Ethical Committee of the Medical School of State University of Campinas (UNICAMP). Male Wistar rats (8 weeks old at the beginning of the study) were divided into six groups, namely control sedentary (C-SD), control trained (C-TR), L-NAME sedentary 2 mg/rat/day (LN-SD 2 mg), L-NAME trained 2 mg/rat/day (LN-TR 2 mg), L-NAME sedentary 10 mg/rat/day (LN-SD 10 mg) and L-NAME trained 10 mg (LN-SD 10 mg).
Training program
Rats were submitted to run training program in a motor-driven treadmill for small animals in sessions of 60 min/day, 5 days/week, at a speed of 1.2 km/h and 0% grade. In the first week of the study, animals were familiarized with handling and the treadmill running. The intensity of run training was determined according to the plasma lactate concentration curves, representing 66.6% of the maximal O 2 consumption, which is in agreement with established training program standards. 16 Only the animals adapted to the treadmill were used in the present study. No stress or adverse stimuli were used to force the animals to run. Animals were submitted for 4 weeks of run training (prior physical conditioning), after that the training program was associated with L-NAME treatment for further 4 weeks. The run training lasted 8 weeks.
Chronic inhibition of NO synthesis L-NAME was dissolved in the drinking water at a concentration of 40 and 200 mg/l to give a daily intake of approximately 2 and 10 mg/rat/day, respectively. 17 In sedentary groups, L-NAME treatment started at the same matched time of trained groups. The experimental design is showed below. Systolic blood pressure was measured weekly by using a modified tail-cuff method in conscious animals in a quiet room. 18 Body weight was measured before of the dynamic training and weekly during the training program. 
Experimental protocols
Cumulative concentration-response curves for acetylcholine (0.01-1000 mM), sodium nitroprusside (0.01-1000 mM), sildenafil (0.001-10 mM) and BAY 41-2272 (0.001-10 mM) were obtained in cavernosal strips precontracted with phenylephrine (10 mM).
All concentration-response data were evaluated for a fit to a logistics function in the form:
Nonlinear regression analysis to determine the parameters E max , log EC 50 , and n were carried out using GraphPad Prism (GraphPad Software Inc., San Diego, CA, USA) with the constraint that F ¼ 0.
Electrical field stimulation (EFS)
EFS was applied in strips placed between two platinum ring electrodes connected to a Grass S88 stimulator (Astro-Med Industrial Park, RI, USA). EFS was conducted at 50 V, 1 ms pulse width and trains of stimuli lasting 10 s at varying frequencies.
Frequency-response relationships were investigated
Relaxing response of corpus cavernosum MA Claudino et al at supramaximum voltage in all preparations stimulated electrically. In order to obtain inhibitory responses by transmural stimulation of nerves, RCC were pretreated with guanethidine (30 mM) for 20 min, subsequently precontracted with phenylephrine (10 mM), and then submitted to EFS.
Determination of plasma nitrite/nitrate (NO x À ) levels In order to evaluate the NO production, the plasma levels of nitrite (NO 2 À ) and nitrate (NO 3 À ) were measured. Briefly, immediately after arterial blood collecting, the samples were centrifuged (8000 g) for 10 min, and the resulting plasma supernatant was stored at À801C. Plasma samples were ultrafiltered through microfilter cups (Microcon Centrifugal Filter Units, 10 kDa; Millipore, Bedford, MA, USA). The NO x À concentration of the resulting filtrate solution was determined using a commercially available kit (Cayman Chemical, Ann Arbor, MI, USA), according to the manufacturer's instructions. This assay determines the total NO based on the enzymatic conversion of nitrate to nitrite by nitrate reductase. After the conversion, the spectrophotometric measurement of nitrite is accomplished by using the Griess Reaction. The resulting deep purple azo compound absorbs light at 540-550 nm.
Statistical analysis
Data are expressed as means7s.e.m. of n experiments. Analysis of variance (ANOVA) for repeated measurements was performed and Bonferroni method was chosen as a post-test. Po0.05 was considered statistically significant.
Results
Body weight and systolic blood pressure Body weight was similar in the beginning of our study in all groups (Table 1) . After 8 weeks of run training, the body weight was significantly lower in trained groups (C-TR and LN-TR) as compared with sedentary animals (C-SD and LN-SD).
Treatment with L-NAME (2 and 10 mg/rat/day) produced a significant increase (Po0.05) in systolic blood pressure that was dose-dependent (20 and 37% increase, respectively; Table 1 ). Prior physical conditioning markedly attenuated (Po0.05) the arterial hypertension induced by L-NAME at both doses (Table 1) .
Concentration-response curves to acetylcholine, sodium nitroprusside, sildenafil and BAY 41-2271 in RCC Acetylcholine (0.01-1000 mM) produced a concentration-dependent relaxing response in isolated RCC (Figure 1 Table 2 ). In sedentary rats, treatment of the animals with 2 mg/rat/day of L-NAME did not affect the potency (pEC 50 ) for acetylcholine, but it was significantly reduced (3.4-fold) by 10 mg/rat/day of L-NAME as compared with C-SD group ( Table 2 ). The maximal responses for acetylcholine were dose-dependently reduced by 2 and 10 mg of L-NAME in sedentary groups (Figure 1a and b, respectively) . On the other hand, the reductions of potency and maximal responses for acetylcholine by L-NAME were reversed by the prior physical conditioning (Figure 1a and b; Table 2 ).
Sodium nitroprusside (0.01-1000 mM) produced a concentration-dependent relaxing response in isolated RCC (Figure 1c and d) . The potency for sodium nitroprusside was not modified by prior physical conditioning per se, but the maximal responses were slightly increased, about of 10% (Figure 1c and d ; Table 2 ). The relaxing responses for sodium nitroprusside were not affected by L-NAME treatment at both doses in all groups (Figure 1c and d; Table 2 ).
Concentration-response curves to BAY 41-2271 (0.001-10 mM), an activator of soluble cyclase guanylyl, and sildenafil (0.001-10 mM), an inhibitor of Table 2 ).
Relaxation induced by EFS EFS evoked a significant relaxing response in isolated RCC that was frequency-dependent ( Figure  3a and b) . Run training per se produced a significant increase in relaxing response to EFS from 8 to 32 Hz, compared with C-SD group. In sedentary groups, L-NAME treatment (2 and 10 mg) dose-dependently reduced the EFS-induced relaxing response. Prior physical conditioning restored the reduction of EFS-induced relaxing responses by L-NAME at both doses (Figure 3a and b) .
Plasma nitrite/nitrate levels Prior physical conditioning per se significantly increased the plasma nitrite/nitrate levels (37.473.0 mM) compared with C-SD group (28.172.0 mM). Treatment with L-NAME (10 mg/rat/ day) significantly reduced the nitrite/nitrate levels (19.171.6 mM) when compared with C-SD group that was reversed by prior physical conditioning (29.372.8 mM).
Discussion
Epidemiological studies have shown a strong association between male dysfunction and arterial hypertension. 9, 19 Although the molecular mechanisms by which arterial hypertension provokes erectile dysfunction is not fully understood, NO deficiency as a consequence of endothelial dysfunction plays a major role in this disorder.
14 Additionally, the erection problem in humans worsens as the arterial hypertension level becomes higher. 19 In order to evaluate the role of endothelium in the relaxing response mediated by NO, the cholinergic agonist acetylcholine was used. Our study shows an impairment of relaxing response to acetylcholine Relaxing response of corpus cavernosum MA Claudino et al in RCC from sedentary L-NAME-treated rats (2 and 10 mg) that was accompanied with the severity of hypertensive state. This finding point out to a critical role of NO in this hypertension model and provides a paradigm to study erectile dysfunction in conditions of chronic NO deficiency. The incidence of cardiovascular morbidity and mortality is lower in physically active subjects. 20 A recent study has shown that lifestyle changes (reduction in calories intake and increase in physical activity) are associated with improvement in sexual function in obese men with erectile dys function. 21 Physical exercise can decrease blood pressure by alterations in sympathetic and parasympathetic activity (neuronal factor) and/or increase in production of endothelium-derived factors Relaxing response of corpus cavernosum MA Claudino et al (non-neuronal factor). 22, 23 Our findings show that prior physical conditioning produces an attenuation of arterial hypertension induced by L-NAME, emphasizing the protective effect of physical exercise in managing arterial hypertension. It is well documented that shear stress induced by physical exercise is a potent stimulus to NO production by overexpression of endothelial NO synthase (NOS) via protein kinase Akt. 22, [24] [25] [26] Thus, the beneficial effect of physical exercise on this experimental hypertension may reflect an increase of endothelial NOS activity that counteracts the inhibition by L-NAME.
Previous study in our laboratory showed that run training for 8 weeks increases the relaxing responses in RCC from healthy animals through the NO-cyclic GMP signaling pathway activation. 15 The present study confirms and extends this work showing that prior physical conditioning markedly restores the reduced relaxing response of RCC for acetylcholine and electrical-field stimulation in L-NAME-treated rats. Taking into consideration that acetylcholine and electrical-field stimulation cause corpus cavernosum relaxation mainly by NO release from sinusoidal endothelial cells and nitrergic fibers, 13 it is likely that a NO overproduction in the erectile tissue by prior physical conditioning overcomes the inhibition by L-NAME. In fact, prior physical conditioning increased significantly the plasma NO x levels in both C-TR and LN/TR groups, approximately 32 and 53%, respectively, as compared to its matched sedentary group. Regarding to this result, several lines of evidences have shown that exercise training increases nitrate/nitrate concentration in both human and laboratory animals. [27] [28] [29] It should be emphasized that clinically used antihypertensive drugs are effective to normalize arterial blood pressure, but they do not necessarily improve the erectile dysfunction. 8, 9 Activation of soluble guanylyl cyclase by NO promotes the formation of the second messenger cGMP, which induces relaxation of vascular smooth muscle. The compound BAY 41-2272 has been developed as a potent NO-independent activator of soluble guanylyl cyclase. 30 It has been demonstrated that BAY 41-2272 relaxes rabbit and human corpus cavernosum in vivo and in vitro, [31] [32] [33] but no study has attempted to evaluate the effect of this compound in erectile tissues from rats. Our findings show that the relaxing response to BAY 41-2272 was unaffected by prior physical conditioning in all groups, thus excluding the involvement of soluble guanylyl cyclase upregulation in the beneficial effect of exercise training on the relaxing response of RCC.
Phosphodiesterase-5 (PDE5) is the predominant enzyme isoform responsible for the metabolism of cGMP in the corpus cavernosum. The selective PDE5 inhibitor sildenafil has been shown to elevate intracellular cGMP levels and enhance NO-dependent relaxation in vitro and in vivo in rats. 34 In our study, sildenafil produced a relaxing response that was concentration-dependent, but neither potency nor maximal response was altered in all groups, thus excluding the participation of PDE5 activity in the improvement of relaxing response of corpus cavernosum after run training program.
In conclusion, our study is the first to show a beneficial effect of prior physical conditioning by run training on RCC relaxing responses mediated by NO derived from either sinusoidal endothelial cells or nitrergic fibers from rats made hypertensive by chronic NO blockade. Relaxing response of corpus cavernosum MA Claudino et al
